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SPECIFICATION 

1. TITLE OF THE INVENTION 

METHOD FOR MANUFACTURING SINGLE CRYSTAL AND 
APPARATUS THEREFORE 

2 . SCOPE OF CLAIM FOR A PATENT 

1) A method for manufacturing a single crystal, the 
method comprising the steps of: 

heating a crucible charged with a seed crystal and 
a small amount of a solid crystal material while 
continuously changing a relative positional relationship 
between said crucible and a heating electric furnace; and 

continuously feeding the solid crystal material to 
a single crystal melted and solidified in said crucible 
so as to manufacture the single crystal from the melted 
liquid: 

wherein the solid crystal material is uniformly fed 
along a wall of said crucible into the melted liquid. 

2) A method for manufacturing a single crystal as 
claimed in claim 1, wherein a cone-shaped material passing 
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tool is used. 

3) A method for manufacturing a single crystal as 
claimed in claim 2, wherein an angle 9 between a vertical 
line and a generating line of said cone-shaped tool 
satisfies that 0° < 0 < 45°. 

4) An apparatus for manufacturing a single crystal 

comprising : 

a crucible moving vertically in a cylindrical heating 
furnace; 

a feeding mechanism for feeding a material to said 

crucible; and 

a material passing tool having a rotating mechanism 
for uniformly dropping the material along an inner wall 
of said crucible. 

5) An apparatus for manufacturing a single crystal 
as claimed in claim 4, wherein said material passing tool 
is composed of one or more cones which are provided 
concentrically about a rotation axis of said rotating 
mechanism. 

3. DETAILED DESCRIPTION OF THE INVENTION 
(A) Field of Industrial Application 

The present invention relates to a method for 
manufacturing an elongate single crystal from a melted 
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liquid while continuously feeding a solid crystal material 
to a crucible charged with a seed crystal and the solid 
crystal material . 
(B) Prior Art 

As the above method for manufacturing a single 
crystal by using an apparatus for manufacturing a single 
crystal, the Bridgman technique is well known. When an 
elongate and large single crystal is manufactured by this 
technique, an long and large crucible is used, and a single 
crystal is grown while a solid crystal material is 
continuously fed to the crucible from above at a given rate 

per unit time. 

Specifically, the solid crystal material charged 
into part of the crucible is melted, and the crucible is 
moved downward in a heating furnace having a predetermined 
temperature distribution, thereby growing a crystal from 
a crystal generated in a bottom of the crucible. On the 
other hand, the single crystal is manufactured by feeding, 
to the crucible from above through a pipe, the solid crystal 
material such as a powdery material, a granular material, 
and a pellet-like material in accordance with the growth 
of the crystal . 

(C) Problems to Be Solved by the Invention 

As set forth above, while the solid crystal material 
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is continuously added to the crucible at the given rate 
per unit time, the solid crystal material is melted so as 
to manufacture the long and large single crystal. However, 
when the material is fed for a long time, the pipe tends 
to become clogged because of evaporation of the melted 
material and rising air caused by thermal convection etc. , 
thus making it impossible to continuously feed the material . 
In addition, while the solid crystal material is melted, 
the crystal is grown. Therefore, a temperature 
disturbance on a melted liquid surface becomes large. 
This disturbance facilitates a reaction between the melted 
liquid and a material for the crucible. When the 
phenomenon becomes serious, this phenomenon causes the 
crucible to rupture. 

The present invention is directed to providing, at 
low cost, an apparatus for manufacturing an elongate and 
large high-quality single crystal which is free of 
impurities . 

(D) Means for Solving the Problems 

According to the present invention, a solid crystal 
material charged into part of a crucible is melted, and 
the crucible is moved downward in a heating furnace having 
a predetermined temperature distribution, thereby growing 
a crystal from a crystal generated in a bottom of the 



- 4/11 - 



61-236681 



crucible. In addition, the solid crystal material is 
caused to collide with a wall of the crucible several times 
by causing the solid crystal material to collide with an 
impeder once when feeding, to the crucible from above, the 
solid crystal material such as a powdery material, a 
granular material, and a pellet-like material in 
accordance with the growth of the crystal . In this manner, 
the solid crystal material is fed along the wall of the 
crucible, and the material remains in the space for a long 
time so that the solid crystal material is melted into the 
melted liquid during transfer. 
(E) Effects 

According to a conventional method in which a feeding 
pipe is provided at a center portion, cool air enters 
through the pipe, and the temperature disturbance on the 
melted liquid surface tends to occur because of the 
convection of the melted liquid and thermal dissipation. 
According to the method of the present invention, since 
the melted liquid is substantially capped, effects of cool 
air entering through the pipe are reduced. In addition, 
the solid crystal material thus fed does not tend to 
concentrate on a partial portion. When the impeder is 
rotated, the solid crystal material falls down the wall 
of the crucible, and is circumf erentially uniformly 
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dispersed and fed, thereby reducing the temperature 
disturbance on the melted liquid surface, and curbing the 
reaction between the melted liquid and the material for 
the crucible. Since the effects of the evaporation of the 
melted material and the rising air caused by the thermal 
convection can be avoided, continuous feeding of the 
material is further ensured. As a result, it becomes 
possible to obtain a method for manufacturing an elongate 
and large high-quality single crystal which is free of 
impurities . 
(F) Embodiment 

Before an embodiment of the present invention is 
described, a conventional apparatus for manufacturing a 
single crystal will be described below with reference to 
Fig. 1. 

In the figure, reference numeral 1 denotes a heating 
furnace. This heating furnace 1 has a temperature 
distribution in which a temperature is at maximum at a 
center portion in a vertical direction in the furnace, and 
in which the temperature becomes lower as the position 
becomes more distant from the center portion in the 
vertical direction. At the maximum temperature of the 
heating furnace 1, the solid crystal material can be melted 
into liquid. 
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In Fig. 1, a crucible 2 is charged with a melted liquid | 

i 
I 

4. A single crystal 3 is being grown by moving downward j 

i 

the crucible 2 at a predetermined speed in the heating 
furnace 1 having the above temperature distribution. 
Reference numeral 5 denotes a crucible supporting tool, 
and reference numeral 6 denotes a crucible moving mechanism. 
In this regard, the solid crystal material 10 such as a 
powdery material, a granular material, and a pellet-like 
material is continuously fed into the crucible 2 by a 
material feeding mechanism 8 via a feeding pipe 9 at a given 
rate per unit time in accordance with a growth speed of 
the single crystal 3. 

According to the present invention, as shown in Fig. 
2, there are provided cone-shaped material passing tools 
11, 12 having rotating mechanisms. 

An embodiment of the present invention will be 
described below by describing growth of a Mn-Zn ferrite 
single crystal which is used as a magnetic material for 
a magnetic head etc., by way of example. 

First, a case that a ferrite single crystal is grown 
by a conventional method will be described. According to 
this method, when a material is fed for a long time (100 
hours or more) , the material feeding pipe is often clogged 
because of evaporation of the melted material and rising 
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air caused by the thermal convection, thus making it 
impossible to continuously feeding the material. A 
substantial amount of the material for the crucible is 
detected from the obtained crystal. This is because the 
crystal is grown while the solid crystal material is melted, 
thus causing a large temperature disturbance on the melted 
liquid surface, and facilitating the reaction between the 
melted liquid and the material for the crucible. 

Next, according to the embodiment of the present 
invention, when a single crystal is grown from e . g . a melted 
Mn-Zn ferrite material, the feeding pipe 9 is provided so 
that an upper portion of the heating furnace 1 (a tip end 
of the pipe) is at 1000 °C or less. The fed solid crystal 
material first collides with the material passing tool 11, 
and collides with an inner wall of the crucible, thereafter 
repeating the collision with the material passing tool 11 
and the collision with the inner wall of the crucible. 
After repeating the collision with the material passing 
tool 12 and the collision with the inner wall of the 
crucible, the solid crystal material uniformly drops on 
a surface of the melted liquid 4, and melts. Since the 
material passing tool 12 has a rotating mechanism 14, the 
melted material reaches the inner wall of the crucible 
because of centrifugal force. The melted material is 
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circumferentially uniformly fed from the inner wall of the 
crucible. The material passing tool 12 near the melted 
liquid surface has a shape covering the melted liquid, thus 
reducing the effects of entrance of cool air. In addition, 
when the material passing tool 12 is rotated, the solid 
crystal material is circumferentially uniformly fed as the 
melted liquid along the wall of the crucible, thus reducing 
the temperature disturbance on the melted liquid surface, 
and curbing the reaction between the melted liquid and the 
material for the crucible. 

In addition, as shown in Fig. 3, an angle 9 between 
a vertical line and a generating line of the material 
passing tool 12 satisfies that 0° < 6 < 45° because a 
possibility that the solid crystal material is fed as the 
melted liquid is increased by increasing the number of 
collisions with the material passing tool 12 and the inner 
wall of the crucible. In addition, since the effects of 
the evaporation of the melted material and the rising air 
caused by the thermal convection can be avoided, continuous 
feeding of the material is ensured. 
(G) Advantageous Results of the Invention 

As set forth above, according to the present 
invention, the crucible charged with a seed crystal and 
a small amount of the solid crystal material is heated while 
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a relative positional relationship between the crucible 
and the heating electric furnace is continuously changed. 
The solid crystal material is continuously fed along the 
wall of the crucible into the single crystal melted and 
solidified in the crucible so as to grow the single crystal 
from the melted liquid. As a result, it becomes possible 
to provide an apparatus for manufacturing an elongate and 
large high-quality single crystal, and to manufacture, at 
low cost, an elongate and large high-quality single crystal 
which is free of impurities. 

4. BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 shows an apparatus for manufacturing a single 
crystal according to a conventional method. 

Fig. 2 is a cross-sectional view showing an apparatus 
for manufacturing a single crystal according to one 
embodiment of the present invention under a different 
condition . 

Fig. 3 is an enlarged view of a material passing tool 

12. 

In the drawings, reference numeral 1 denotes a 
heating furnace; reference numeral 2 denotes a crucible; 
reference numeral 3 denotes a single crystal; reference 
numeral 4 denotes a melted liquid; reference numeral 5 
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denotes a crucible supporting tool; reference numeral 6 
denotes a crucible moving mechanism; reference numeral 8 
denotes a material feeding mechanism; reference numeral 
9 denotes a feeding pipe; reference numeral 10 denotes a 
crystal material; reference numerals 11, 12 denote a 
material passing tool; reference numeral 13 denotes an 
afterheater; and reference numeral 14 denotes a rotating 
shaft . 
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FIG. 1 

l:M^i')P HEATING FURNACE 

2:5o[J CRUCIBLE 

3:^IhiH SINGLE CRYSTAL 



4:(BmK MELTED LIQUID 

5:^O^M CRUCIBLE SUPPORTING TOOL 



6:5o(Jfll CRUCIBLE MOVING MECHANISM 
8 : ]^|SK&j&ftM?? MATERIAL FEEDING MECHANISM 
9: Wtfo'^'? FEEDING PIPE 

10:%&MiWM CRYSTAL MATERIAL 



FIG. 2 



lO'.mmW-M CRYSTAL MATERIAL 
11, 12:JlMSHSiMr MATERIAL PASSING TOOL 
13:77^~t-^- AFTERHEATER 
14:[U^$& ROTATING SHAFT 



FIG. 3 

12 '.WMfci^^ MATERIAL PASSING TOOL 
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